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(54) Traction drive speed reducer, conveyance apparatus using traction drive speed reducer, and 
arrangement of two axis output encoder in conveyance apparatus 



(57) A traction drive speed reducer which comprises 
circumscribed axes 20A and 20B, a plurality of interme- 
diate axes 30A and 30B arranged contacting around the 
outer periphery of the circumscribed axes, and inscribed 
cylinders 40A and 40B inscribing the outer periphery of 



the intermediate axes, and in which a supporting mem- 
ber 10 to rotatably support the intermediate axes is 
fixed, a drive motor is connected to at least one of the 
plurality of intermediate axes : and an output is taken 
from the circumscribed axis having the larger diameter 
than the outer diameter of the intermediate axis. 



FIG. 1A 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present invention relates to a traction drive 
speed reducer including a circumscribed axis : a plurality 
of intermediate axes arranged contacting around the 
outer periphery of the circumscribed axis, and an in- 
scribed cylinder inscribing the outer periphery of the in- 
termediate axis. 

[0002] The present invention also relates to a convey- 
ance apparatus using, as a drive apparatus, a traction 
drive speed reducer including a circumscribed axis, a 
plurality of intermediate axes arranged contacting 
around The outer periphery of the circumscribed axis, 
and an insqa^ed cylinder inscribing the outer periphery 
of the intermediate axes. 

[0003] The present invention also relates to an ar- 
rangement of the 2-axis output encoder in an convey- 
ance apparatus. 

Related Art 

[0004] 1) In a traction drive speed reducer including 
a circumscribed axis ; a plurality of intermediate axes ar- 
ranged contacting around the outer periphery of the cir- 
cumscribed axis, and an inscribed cylinder inscribing 
the outer periphery of the intermediate axes, the traction 
drive speed reducer in which the rotation of the drive 
motor is inputted into the circumscribed axis, and the 
intermediate axes is rotatabiy supported by the support- 
ing member, and the output is taken from the supporting 
member is well known (for example, JP-A - 58-119746). 
[0005] However in the conventionally well known 
traction drive speed reducer, when there is a dispersion 
in the diameter of a plurality of intermediate axes, the 
rotation center of the supporting member from which the 
output is taken out can not corresponds with the center 
of the circumscribed axis. Therefore, the nonuniformity 
of the rotation occurs in the output taken from the sup- 
porting member, which is disadvantageous. 
[0006] That is : in the conventional traction drive speed 
reducer the rotation force from the drive motor is input- 
ted into the circumscribed axis, in contrast to that, the 
output is taken from the supporting member supporting 
the intermediate axes. In this case, when the center of 
the inscribed cylinder is dislocated due to the dispersion 
of the diameter of a plurality of intermediate axes, the 
rotation center of the output is rotated around the origi- 
nal rotation center with the radius corresponding to the 
dislocated amount, therefore, the rotation of the output 
side causes the variation due to the dislocation of the 
rotation center. 

[0007] Accordingly an object of the present invention 
is to provide a traction drive speed reducerfree from the 
afore-mentioned problem. 
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[0008] (2) In a field in which a fine processing inhibit- 
ing a particle, such as in a semiconductor wafer, or LCD 
(liquid crystal display) glass base, is necessary, the con- 
veyed material can not be conveyed (can not hold) by 

5 chucking (grasp the conveyed material). Therefore, as 
the handling method in such the conveyance field, it is 
the present condition that the conveyance is conducted 
by a conveyance apparatus of a system in which the 
conveyed material is only put (only supported) on the 

10 hand (end effector) section. 

[0009] However, in such the conveyance apparatus, 
in the support, there are an organic (such as the rubber, 
. or the like) support, and an inorganic (ceramic, or the 
like) support, and there is a problem that, although the 

is organic support has the comparatively large frictional 
force, it can not be used in the high temperature portion. 
Further, there is a vacuum absorption system, however, 
although it can be used in the air, it can not be used in 
the vacuum which is desirably used al the lime of 

20 processing of the semiconductor wafer, or the LCD (liq- 
uid crystal display) glass base. Further, in the vacuum 
absorption method, the structure is complicated and the 
cost is high. 

[0010] Accordingly, in many cases, the conveyed ma- 
25 terial (wafer, orthe like) is held only by the frictional force 
with the hand support section. However, when such the 
conveyed material is suddenly moved, or moved while 
being vibrated, the conveyed material is slid and dislo- 
cation is caused, and the disadvantages such as the 
30 generation of the particle- positioning failure, and the 
damage of the conveyed material, occur. Therefore, for 
the conveyance apparatus used in such the accurate 
conveyance field, the conveyance apparatus by which 
the conveyance with the extremely small vibration (ac- 
35 celeration) can be conducted (smooth conveyance), is 
required. 

[001 1 ] In such the conveyance apparatus in which the 
particle is inhibited and the fine processing is necessary, 
such as the semiconductor wafer or LCD (liquid crystal 

to display) glass base, conventionally the direct drive (DD) 
system drive apparatus is used (JP-A-3-2811 83). How- 
ever, in the DD system drive apparatus, because the 
output density (torque/voiume, torque/motor capacity) is 
small, there is a problem that the drive apparatus is 

45 large, and the power source capacity becomes also 
large. 

[0012] On the one hand, in order to aim al the com- 
pactification of the drive apparatus, there is also a con- 
veyance apparatus using a speed reducer having a gear 

50 mechanism. By using the speed reducer having the gear 
mechanism, the compactification of the drive apparatus 
can be possible. However, because the gear is provid- 
ed, there is a problem that the backlash exists, or vibra- 
tion or noise is generated. Further, in order to reduce 

55 the vibration or noise, in the conveyance apparatus us- 
ing the speed reducer having the gear mechanism, the 
control becomes complicated, and the cost is high. 
[0013] Accordingly, another object of the present in- 
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vention is to provide a conveyance apparatus by which 
the problems accompanied to the above conventional 
technology can be solved, and by which the traction 
drive speed reducer is used for the drive apparatus, and 
a compact and low vibration • low noise conveyance ap- 
paratus by which the semiconductor wafer or LCD (liq- 
uid crystal display) glass base is processed. 
[0014] (3) In the conveyance apparatus used in a field 
which inhibits a particle and requires an accurate 
processing, such as a semiconductor wafer or LCD (liq- 
uid crystal display) glass base, it is well-known that an 
optical encoder is arranged in the vacuum (for example, 
JP-W-8-506771 (USP5 : 720 : 590)). 
[0015] In the conveyance apparatus disclosed in this 
JP-W-8-506771 . because an encoder or bearing is pro- 
vided in the vacuum atmosphere, the use of the high 
cost encoder or bearing for the vacuum atmosphere 
specification is necessary. Further because the bearing 
is used in the vacuum atmosphere, when the load ca- 
pacity is desired to be increased, it is a cause of the 
particle generation, therefore, there is a problem that the 
load capacity can not be increased. 
[0016] Accordingly, yet another object of the present 
invention is to provide an arrangement of a 2-axis output 
encoder in a simply structured conveyance apparatus. 

SUMMARY OF THE INVENTION 

[001 7] According to a first aspect of the invention , the 
problems accompanied to the conventional art is solved 
by a traction drive speed reducer which comprises a cir- 
cumscribed axis, a plurality of intermediate axes ar- 
ranged contacting around the outer periphery of the cir- 
cumscribed axis, and an inscribed cylinder inscribing 
the outer periphery of the intermediate axes ; wherein a 
supporting member to rotatably support the intermedi- 
ate axes is fixed, a drive motor is connected to at least 
one of the plurality of intermediate axes, and an output 
is taken from the circumscribed axis having the larger 
diameter than the outer diameter of the intermediate ax- 
is. 

[001 8] In the present invention the rotation is inputted 
into the intermediate axis, and the output is taken from 
the circumscribed axis located at the center. That is, the 
output axis which is the circumscribed axis, is set at the 
rotation center of the reference output, and the support- 
ing member is fixed. According Lo this structure, even 
when there is the dispersion of the diameter in a plurality 
of intermediate axes, because the inscribed cylinder 
which is a free condition, allows the deformation due to 
the dispersion of the diameter of the intermediate axes, 
its rotation center is simultaneously dislocated. As the 
result, the variation of the rotation due to dispersion of 
the diameter of a plurality of intermediate axes is not 
generated in the circumscribed axis as the output axis. 
[0019] Further, the present invention can be applied 
also in the case where a plurality of coaxial outputs are 
necessary. That is, when a traction drive speed reducer 



is structured in such a manner that, in a traction drive 
speed reducer which comprises a circumscribed axis, a 
plurality of intermediate axes arranged around the outer 
periphery of the circumscribed axis, and an inscribed 
5 cylinder inscribing the outer periphery of the intermedi- 
ate axes ; the traction drive speed reducer is character- 
ized in that: more than two circumscribed axes are ar- 
ranged coaxially: respective plurality of intermediate ax- 
es are arranged contacting around the outer periphery 

to of respective circumscribed axes; a supporting member 
to rotatably support the respective intermediate axes is 
fixed; and the rotation is respectively inputted into at 
least one of paired intermediate axes, and the output is 
taken from the corresponding circumscribed axes, and 

? 5 more than two coaxial outputs can be taken out, then, 
the output without rotation variation can be taken from 
coaxial output axes. Particularly, the traction drive 
speed reducer having such the output axes has the very 
excellent characteristics, for example, as the drive 

20 mechanism of the drive section of the industrial robot. 
[0020] According to a second aspect of the present 
invention, an conveyance apparatus which is compris- 
ing a drive motor, a drive arm driven by the drive motor 
and a conveyance table connected to a top end of the 

25 drive arm, wherein an output from the drive motor is 
transmitted to the drive arm through a traction drive 
speed reducer comprising the circumscribed axis, a plu- 
rality of intermediate axes arranged around the outer pe- 
riphery of the circumscribed axis, and an inscribed cyl- 

30 inder inscribing the outer periphery of the intermediate 
axes, is provided. 

[0021] According to the conveyance apparatus of the 
present invention, the drive apparatus can be compact, 
and by using a traction drive system in which the speed 

35 reducer has no gear the drive can be smooth and the 
vibration or noise can be reduced : and the conveyance 
can be conducted without generating the dislocation of 
the conveyed material. Because, by using the traction 
drive speed reducer, there is no backlash (play), and 

40 there is no impact due to the play at the time of the drive 
start, thereby : the dislocation of the conveyed material 
is not caused. 

[0022] In the present invention, the conveyance ap- 
paratus can be made to be an apparatus having two co- 

^5 axially arranged output axes., wherein each output axis 
is connected to a corresponding drive motor through the 
traction drive speed reducer comprising the circum- 
scribed axis, a plurality of intermediate axes arranged 
around the outer periphery of the circumscribed axis, 

50 and inscribed cylinder inscribing the outer periphery of 
the intermediate axes, and two coaxial outputs can be 
taken from the two coaxial output axes. 
[0023] In this case, two coaxially arranged output ax- 
es of the conveyance apparatus and an output member 

55 of the traction drive speed reducer may be integrally 
connected with each other or may be connected 
through a transmission member such as an endless 
belt. 
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[0024] The traction drive speed reducer may fix a car- 
rier which rotatably supports a plurality of inter mediate 
axes, and input the rotation from at least one of paired 
intermediate axes, and take out the output from the cor- 
responding circumscribed axis : or it may input the rota- 5 
tion from the circumscribed axis and fix an inscribed cyl- 
inder which is inscribed by the plurality of the interme- 
diate axes ; and take out the rotation outputfrom the car- 
rier which rotatably supports the plurality of intermediate 
axes. 10 
[0025] Further when the conveyance apparatus of 
the present invention is structured in such a manner that 
the front stage speed reducer is connected with the front 
stage of the traction drive speed reducer wherein the 
front stage speed reducer is constructed by the traction 15 
drive speed reducer comprising the circumscribed axis, 
a plurality of intermediate axes arranged around the out- 
er periphery the circumscribed axis, and inscribed cyl- 
inder inscribing the outer periphery of the intermediate 
axes, the speed reduction ratio is further increased; and 20 
there is no backlash (play), thereby, there is no impact 
due to the olay at the start of the drive, and it is more 
prefemblc in order that the dislocation of the conveyed 
material m.iy not be caused. 

[0026] Further, in the present invention, the convey- 25 
ance apoaraiLS may be characterized in that the posi- 
tion detector is provided on the output side of the traction 
drive spend reducer. In the traction drive system, in its 
structure it is considered that the minute slide is caused 
inside the traction drive. Therefore, when it is structured 30 
such that the position detector is provided on the output 
side, even when the slide is caused in the traction drive 
speed reducer, the rotation position of the output side 
can be detected by the position detector, thereby it can 
be appropriately recovered and corrected. 35 
[0027] Further, in the present invention, it is prefera- 
ble that the conveyance apparatus is characterized in 
that an interference is set by making the sum of the outer 
diameter of the circumscribed axis and two times of the 
outer diameter of the intermediate axis, to be not smaller 40 
than the inner diameter of the inscribed cylinder, and the 
torque adjusting function is provided by the interference. 
In the present invention, the traction drive speed reducer 
is used, and even when the arm of the conveyance ap- 
paratus coliides with any material by any possibility, be- 45 
cause it can be avoided by generating a slide, the con- 
veyance apparatus is not damaged as in the case of the 
speed reducer using the gear. Further, when the position 
detector is provided as described above, it can be easily 
restored. In addition to that, as described above, by so 
structuring such that an interference is set by making 
the sum of the outer diameter of the circumscribed axis 
and two times of the outer diameter of the intermediate 
axis, to be not smaller than the inner diameter of the 
inscribed cylinder, because the torque can be adjusted 55 
by the interference, thereby, the anti-collision load can 
be easily set. 

[0028] According to a third aspect of the invention, the 
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above object is attained by structuring the system in 
such a mannerthat, in a conveyance apparatus forcon- 
veying a material to be conveyed by driving motors 
which are connected to each of output axes which are 
two coaxial axes of an inner axis and a holfow outeraxis, 
and which are independently driven, an arrangement of 
2-axis output encoder in the conveyance apparatus is 
characterized in that: axis seals exist between the inner 
axis and the outer axis, and between the outer axis and 
a cylindrical housing; a traction drive speed reducer 
structured by the drive motors and circumscribed axes, 
intermediate axes and inscribed cylinders, and for 
speed-reducing the rotation of the drive motor, is ar- 
ranged on the air side; and position detectors of the in- 
ner axis penetrate through the speed reducer, and po- 
sition detectors of the outer axis are arranged among 
the axis seal and the speed reducers, and provided on 
the air side. 

[0029] The present invention is a conveyance appa- 
ratus which is particularly made to be a coaxial two-axis 
arrangement. Because the output axis encoder, in the 
case of a magnetic type, has a possibility that a mis- 
operation is caused due to f rictionai powders (iron pow- 
ders) generated from the speed reducer, it can not be 
arranged in oil (the same atmosphere as the speed 
reducer) . Thereby, the output axis encoder should be 
arranged in the air and oil-less atmosphere. However, 
in the coaxial two-axis : the two-axis can not be arranged 
in the same position. This is because it is necessary that 
the receiving sensor is arranged on the fixed portion, 
however, particularly on the inner axis side output axis, 
there is the outer axis output axis (rotation axis) and fur- 
ther also the speed reducer in the outside, therefore, 
there is no fixing position. According to this problem, it 
is necessary that the axis of the inner axis side encoder 
is necessarily extended to the opposite direction to the 
output side, and extended to the fixed position, however, 
normally, on the reversal side of the output side, there 
is the speed reducer or motor, and when it is made to 
be hollow and penetrated, the structure also becomes 
complicated, thereby, the drive apparatus can not also 
be compact. (The encoder should be arranged below 
the motor.) In contrastto this, as in the present invention, 
when the traction drive structure is applied, the first 
stage traction drive and the motor can be arranged to 
be offset, and the first stage traction drive and the motor 
and the inner axis side output encoder can be arranged 
in parallel to each other. Thereby, the compactification 
can be obtained. In this connection, in this case, as de- 
scribed in the second aspect, the inner axis drive motor 
and the outer axis drive motor are parallelly arranged, 
and the inner axis position detector is positioned above 
the lower end surface of both drive motors, that is, in the 
arrangement space of both drive motors. Further, the 
first stage traction drive may be appropriately neglected. 
[0030] As described above, it is problem for the dura- 
bility or the instrument cost that the output axis encoder 
is arranged in the vacuum atmosphere. Particularly, in 
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the case of the magnetic type : because the sensor side 
can not endure the vacuum atmosphere, it can not be 
arranged in the vacuum. In contrast to this, in the 
present invention, because the position detector is ar- 
ranged in the air side : and further it is provided out of 
the oil lubrication portion of the speed reducer the two- 
axis output encoder in the conveyance apparatus can 
be low costly and easily arranged. 
[0031] In the present invention, it is preferable that the 
position detector of the inner axis and the outer axis is 
made to be the magnetic type. The cost of the magnetic 
type position detector is lower than that of the optica! 
type position detector. 

[0032] The present disclosure relates to the subject 
matter contained in Japanese patent application Nos. 
2000-2090005 (filed on July 10, 2000), 2000-251607 
(filed on August 22, 2000) and 2000-280763 (filed on 
September 4. 2000), which are expressly incorporated 
herein by reference in their entirely. 

DRIEF DESCRIPTION OF THE DRAWINGS 

[0033] 

Ftg. 1 shows a first embodiment of the present in- 
vention, wherein Fig. 1 A is a sectional view typically 
showing the structure of the embodiment and Fig. 
1R is a sectional view along an A-A line of Fig. 1 A. 
Fig 2 shows a second embodiment according to the 
present invention, wherein Fig. 2A shows an outline 
sectional view, Fig. 2B shows a sectional view of an 
A position in Fig. 2A, and Fig. 2C shows a sectional 
view of the B position in Fig. 2A. 
Fig. 3 shows a third embodiment according to the 
present invention, and is an outline sectional view 
similar to Fig. 2A. 

Fig. 4 shows a fourth embodiment according to the 
present invention, wherein Fig. 4A is an outline sec- 
tional view : Fig. 4B shows a section of the position 
A in Fig. 4A, Fig. 4C shows a section of the position 
B in Fig, 4A, and Fig. 4D shows a section of the 
position C in Fig. 4A. 

Fig. 5 shows an embodiment of a conveyance ap- 
paratus, wherein Fig. 5A is a longitudinal sectional 
view and Fig. 5B is an A-A sectional view of Fig. 5A. 
Fig. 6A is a sectional view of another embodiment 
of the conveyance apparatus according to the 
present invention, and Fig. 6B is a partial view 
showing a detector portion of the inner axis position 
detector attached to the lower end portion of the sol- 
id output axis (inner axis) of the embodiment shown 
in Fig. 6A. 

Fig. 7 is a sectional view of the embodiment shown 
in Fig. 6, wherein Fig. 7A is an A-A sectional view 
of Fig. 6A, and Fig. 7B is a B-B sectional view of 
Fig. 6A. 

Fig. 8 is a sectional view of the embodiment shown 
in Fig. 6, and Fig. 8A is a C-C arrowed view of Fig. 



6A : and Fig. 8B is a D-D sectional view of Fig. 6A. 
Fig. 9 shows yet another embodiment of a convey- 
ance apparatus, wherein Fig. 9A is a longitudinal 
sectional view and Fig. 9B is an A-A sectional view 
5 of Fig. 9A. 

DESCRIPTION OFTHE PREFERRED EMBODIMENT 

[0034] Referring to the attached drawings, the 
10 present invention will be detailed below. Fig. 1 is the first 
embodiment of a conveyance apparatus 60 using the 
traction drive speed reducer according to the present 
invention, and Fig. 1 A is an outline sectional view typi- 
cally showing the structure of the embodiment, and Fig. 
>5 1B is a sectional view along A-A line of Fig. 1 A. In this 
connection, although the circumscribed axis, intermedi- 
ate axes, and inscribedcylinderare practically in contact 
with each other, in Fig. 1 A : in order to clearly show the 
drawing : it is shown by forming the minute gaps among 
20 them. Further, in Fig. 1B, a drawing of the carrier is ne- 
glected. 

[0035] In the present embodiment, as shown in Fig. 
1A, a carrier 10 of the present invention is formed into 
a box-like by upper and lower plates 11 and 12, and a 

25 column portion 13 connecting between them. An output 
axis 21 is protrudingly provided at the center of an output 
circumscribed axis 20, and the output axis 21 of the out- 
put circumscribed axis 20 is rotatably supported by a 
bearing 23 positioned at the central portion of the upper 

30 plate 1 1 of the carrier 10. At an upper end of the output 
axis 21. an arm 61 of the conveyance apparatus 60 is 
provided. 

[0036] A plurality of (three in the shown embodiment) 
intermediate axes 30 are equally arranged as shown in 

35 Fig. 1B around the circumscribed axis 20, and are in 
contact with the outer periphery of the ci rcumscribed ax- 
is 20. The circumscribed axis 20 has the larger diameter 
than the outer diameter of the intermediate axis 30. and 
as will be described later, the input introduced into the 

40 intermediate axis 30 is decelerated, and outputted from 
the circumscribed axis 20. 

[0037] An inner periphery of an inscribed cylinder 40 
inscribes the outside of a plurality of intermediate axes 
30. Both ends of each of intermediate axes 30 are ro- 
^5 tatably supported by bearings 31 provided in the upper 
and lower plates 11 and 12 constituting the carrier 10. 
As described above, the traction drive speed reducer is 
structured. 

[0038] A dive motor 70 is connected to at least one of 
50 the plurality of intermediate axes 30, and the drive force 
is introduced in the intermediate axes 30. On the one 
hand, in the present embodiment, the carrier 10 is in a 
fixed condition, and the output is taken from the circum- 
scribed axis 20. In this connection, as themodified mode 
55 of the present embodiment, the inscribed cylinder 40 is 
fixed, and the input is introduced from the circumscribed 
axis 20, and the output can also be taken from the carrier 
10. 
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[0039] Further in order to further increase the reduc- 
tion ratio of the conveyance apparatus 60 : another 
speed reducer 50 may be further provided on the front 
stage of the input axis of the traction drive speed reduc- 
er, that is, in the embodiment shown in Fig. 1 . between 
the intermediate axes 30 and the drive motor or in the 
above modified embodiment, between the circum- 
scribed axis 20 and the drive motor. This front stage 
speed reducer 50 may also be a traction drive speed 
reducer. 

[0040] -Next, referring to Fig. 2, the second embodi- 
ment by which a plurality of outputs are coaxially taken 
out, of the conveyance apparatus 60 using the traction 
drive speed reducer according to the present invention 
will be described. Fig. 2 shows the second embodiment 
according to the present invention and Fig. 2A is an out- 
line sectional view, and Fig, 2B is a sectional view of the 
A position; rrgf Fig. 2A, and Fig. 2C is a sectional view of 
the B position in Fig. 2A. 

[0041] The carrier 10 constructed by a pair of upper 
and lower plates 11 and 12 is connected by a column 
portion 13, and formed into a strong box-like condition. 
In the centra! portion of the carrier 1 0, an output circum- 
scribed axis 20A having a hollow output axis 21 A and 
an output circumscribed axis 20B having an output axis 
21B which penetrates through the hollow output portion 
of the output circumscribed axis 20A : are coaxially po- 
sitioned. On the upper ends of the hollow output axis 
21 A and output axis 21 B ; arm portions (the first arm 61 A 
and the second arm 61 B) of the conveyance apparatus 
60 are respectively fitted. 

[0042] Around each of output circumscribed axes 20A 
and 20B : as shown in Fig. 2B and Fig. 2C, the plurality 
of intermediate axes 30A and 30B are located, and re- 
spectively in contact with the outer periphery of the out- 
put circumscribed axes 20A and 20B. In this connection 
both ends of the intermediate axes 30A and 30B : as 
shown in Fig. 2A t are rotatably supported by the bear- 
ings 31 A and 31 B in the carrier 10. 
[0043] Inscribed cylinders 40A and 40B are provided 
outside respective intermediate axis 30, and the inner 
peripheral surfaces of the inscribed cylinders 40A and 
40B are in contact with the outside of the intermediate 
axes 30A and 30B. These are grouped by respectively 
paired circumscribed axes 20A and 20B, the plurality of 
intermediate axes 30a and 30B, and inscribed cylinders 
40A and 40B, and in the present embodiment, output 
axes 21 A and 21 B of two paired speed reducers are co- 
axially arranged. As described above, the traction drive 
speed reducer is structured. 

[0044] For example, drive motors 70A and 70B are 
connected to at least one axis of respectively grouped 
intermediate axes 30A and 30B, and the rotation input 
is introduced. Further, the carrier 1 0 is fixedly supported. 
[0045] Thereby, the motive power inputted from the 
intermediate axes 30A and 30B is decelerated, and can 
be respectively taken from the output axes 21 A and 21 B. 
In this connection, in order to further increase the speed 



deduction ratio, at the front stage of the input axis of 
respective speed reducer, that is, between the interme- 
diate axes 30A. 30B and the drive motors 70A and 70B. 
other front stage speed reducers 50A and SOB may be 

5 further provided. Even in the case of such the large 
speed reduction ratio, according to the present inven- 
tion, the planar arrangement can be adopted. 
[0046] The third embodiment of the conveyance ap- 
paratus using the traction drive speed reducer accord- 

10 ing to the present invention will be shown in Fig. 3. In 
the embodiment shown in Fig. 2, the intermediate axes 
30A ; 30B and circumscribed axes 20A and 20B are re- 
spectively supported by the carrier 1 0 constructed by a 
pair of the upper and lower plates 11 and 12, however, 

*5 when there is an anxiety that the distance between the 
upper and lower carriers 10 becomes long, the embod- 
iment as shown in Fig. 3 is preferable. In this embodi- 
ment, further one plate 14 is sandwiched between 
groups of respectively grouped circumscribed axes 

20 20A : 20B : intermediate axes 30A. 30B, and inscribed 
cylinders 40A, 40B : and the carrier 10 is structured by 
three plates. 

[0047] According to such the structure, the distance 
between the bearings 31 A, 31 A and 31 B, 31B support- 
's ing the intermediate axes 30A, 30B can be reduced, 
thereby, the deformation of respective intermediate ax- 
es 30A and 30B can be reduced. Further, also for the 
circumscribed axes 20A and 20B, the both side support 
can be applied by the bearings 23B by which particularly 
30 the inside inscribed axis 20B is provided in plates 1 1 and 
14 : thereby, the deformation can be more reduced. 
[0048] In the above embodiment, the output axes 21 . 
21 A, and 21 B are one axis or two axes, however, in the 
structure of the present invention, the present invention 
35 can also be applied for even the case where further large 
number of output axes 21 are provided. One example 
of that case is shown in Fig. 4. In this connection, in Fig. 
4, a carrier 10 is omitted. 

[0049] In the present embodiment, the circumscribed 

40 axis 20 which is the output axis 21 has the triple struc- 
ture, and the second hollow cylinder exists in the outer- 
most hollow cylinder, and further one intermediate axis 
30 is penetrated through the hollow cylinder. The other 
structures are similar to ones shown in Fig. 2 or Fig. 3, 

45 therefore, the detailed description will be omitted. 

[0050] According to the present invention, even when 
there are dispersions in the diameter of a plurality of in- 
termediate axes 30, because the output is taken from 
the circumscribed axis 20, the variation of the rotation 

50 of the circumscribed axis 20 hardly occurs, thereby, the 
a good speed reducer which has no nonuniform rotation 
but the uniform rotation can be obtained. Accordingly, 
the much effective speed reducer can be obtained for 
an apparatus in which the variation of the rotation of the 

55 output becomes a problem. 

[0051] Next, referring to Fig. 5, a more specific em- 
bodiment of the conveyance apparatus 60 using the 
traction drive speed reducer according to the present 
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invention will be described. Fig. 5 shows the embodi- 
ment in which the conveyance apparatus 60 using the 
traction drive speed reducer of the type, as shown in 
Fig. 1, in which the inscribed cylinder is fixed and the 
inputis inputted from the circumscribed axis and the out- 
put is taken from the carrier is more specified, and Fig. 
5A is a longitudinal sectional view : and Fig. 5B is an A- 
A sectional view of Fig. 5A. 

[0052] The arm (not shown) of the conveyance appa- 
ratus 60 is provided in an inside of a processing room 
in which the semiconductor wafer or LCD (liquid crystal 
display) glass base are processed, such as a clean 
room, and the inside of the processing room is depres- 
surized, (so-called in a condition of the vacuum), and it 
is structured in such a manner that the drive apparatus 
to drive the arm is provided outside the processing 
room ; and its boundary is a plate-shaped portion 62a of 
the head: portion of a conveyance apparatus attachment 
mount 62. The conveyance apparatus attachment 
mount 62 is structured by the plate-shape portion 62a 
of the head portion, and the cylinder portion 62b which 
is integrally attached with the plate-shape portion 62a 
and protruded to the lower side. 

[0053] The bearing 23 is provided in the cylinder por- 
tion 62b of the conveyance apparatus attachment 
mount 62 f and the output axis 21 is rotatably supported 
by the bearing 23. Onto the upper end of the output axis 
21 , the arm (not shown) of the conveyance apparatus 
60 to handle the semiconductor wafer or LCD (liquid 
crystal display) glass base is attached. 
[0054] The carrier 1 0 of the traction dive speed reduc- 
er according to the present invention is formed into box- 
like by a pair of upper and lower plates 11 : 12 and the 
column portion 13 connecting between them, and the 
carrier 10 (upper plate 11, lower plate 12 and column 
portion 13) is integrally attached by a bolt 65 to the lower 
end portion of the output axis 21. 
[0055] As shown in Fig. 5A ; the bearings 31 are pro- 
vided in the upper and lower plates 1 1 and 1 2, and both 
ends of the intermediate axis 30 is rotatably supported 
by the bearings 31 . Further the rotatabie circumscribed 
axis 20 penetrates through the hole positioned at the 
center of the lower plate 12 ; ans a plurality of (in the 
embodiment shown in the drawing, three axes) interme- 
diate axes 30 are : as shown in Fig, 5B, equally arranged 
on the periphery of the circumscribed axis 20 : and in 
contact wiLh the outer periphery of the circumscribed ax- 
is 20. The intermediate axis 30 has the larger diameter 
than the outer diameter of the circumscribed axis 20. 
The inscribed cylinder40 is fixedly arranged in the inside 
of the cylinder portion 62b of the conveyance apparatus 
attachment mount 62. and the inner periphery of the in- 
scribed cylinder 40 inscribes the outside of the plurality 
of intermediate axes 30. 

[0056] According to the above description, the in- 
scribed cylinder 40 is fixed, and the traction drive speed 
reducer in which the input is inputted from the circum- 
scribed axis 20 and the output is taken from the carrier 



1 0 : is structured, and the rotation of the drive motor 70 
is decelerated, and the output axis 21 integrally attached 
to the carrier 10 is driven, and the arm (not shown) of 
the conveyance apparatus 60 attached onto the upper 

5 end of the output axis 21 is activated. 

[0057] In this connection, in the gap between the in- 
side of the upper output axis 21 of the bearing 23 and 
the inside of the cylinder portion 62 of the conveyance 
apparatus attachment mount 62 : and the gap between 

to an opening portion formed at the center of the plate-like 
portion 62a of the conveyance apparatus attachment 
mount 62 and the inside of the output axis 21, a axis 
seal 63 constructed by a non-contact type seal such as 
a magnetic fluid seal, or contact type seal is provided, 

? 5 and the vacuum of the inside of the processing room is 
maintained. Further numeral 64 is an oil seal in order 
that the oil may not leak from the traction dive speed 
reducer side. 

[0058] On the output axis 21 , a shoulder portion 21a 
20 is formed in the lower portion of the axis seal 63 (that is, 
the outside of the vacuum processing room) and on the 
upper portion of the bearing 23 : and on the shoulder por- 
tion 21 a : a code plate 67 of a donut plate-shape outside 
axis position detector is fixed by a bolt 68. Further, a 
25 detecting portion 69 is provided inside the cylinder por- 
tion 62b of the conveyance apparatus attachment 
mount 62, and the code of the code plate 67 is detected, 
and the rotation position of the output axis 21 is detect- 
ed. 

30 [0059] Further, in order to further increase the speed 
reduction ratio of the conveyance apparatus 60. on the 
front stage of the input axis of the traction drive speed 
reducer, that is, between the circumscribed axis 20 and 
the drive motor 70, another front stage speed reducer 

35 50 is further provided. The front stage speed reducer 50 
of the present embodiment has the same structure as 
the above traction drive speed reducer, and is the trac- 
tion drive speed reducer of the type in which the inner 
cylinder 53 is fixed, and the rotation of the drive motor 

40 70 is inputted from the circumscribed axis 51, and the 
output is taken from the carrier 54, and the carrier 54 
supports many intermediate axes 55 circumscribing the 
circumscribed axis 51 , and the circumscribed axis 51 is 
connected to the output axis of the drive motor 70, and 

^5 integrally connects the above traction drive speed re- 
ducer circumscribed axis 20 to the carrier 54. 
[0060] in the conveyance apparatus 60 of the present 
embodiment structured as described above, the motive 
power inputted from the drive motor 70 is decelerated 

50 by the front stage speed reducer 50, and the output is 
inputted into the circumscribed axis 20 forthe output ax- 
is 21 drive. Then, the inputted rotation is decelerated by 
the first stage traction drive sped reducer, and rotates 
the output axis 21 . and drives the arm 61 attached to 

55 the output axis 21 . 

[0061] According to the conveyance apparatus of the 
present embodiment, the following effects can be at- 
tained. In the present embodiment, forthe speed reduc- 
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ing mechanism of the drive apparatus, the traction sys- 
tem (rollingtransmission) having no gear, or friction sys- 
tem (friction transmission by nonmetal) is used, and can 
be used for conveying the conveyed material such as 
the wafer without a slip (dislocation), and further be- 
cause the traction system has no backlash (play) as can 
be seen in the gear mechanism, there is no impact due 
to the play at the start of the drive, and causes no slip 
(dislocation) for the conveyed material. 
Accordingly, the compactness, very low vibration, and 
low noise can be attained. 

[0062] Further, in the traction system, because the 
speed reducer has no gear conventionally it is consid- 
ered to be inappropriate for the high accurate position- 
ing, however, in the above embodiment, by providing 
encoders (the code plate 67 and the detecting portion 
69 of the detector) on the output axis 21 ; the problem 
that it is inappropriate for the high accurate positioning, 
is solved. 

[0063] Further in the conveyance apparatus of the 
present embodiment, the axis seal 63 constructed by 
the non-contact type seal such as the magnetic fluid seal 
or contact type sea!, is provided on the upper portion of 
Ihc bearing 23, and the vacuum in the processing room 
is maintained, thereby, it can be used both in the vacuum 
ard the air 

[0064] Further, in the case of conveyance apparatus 
6n having the seed reducer because it is mechanicaiiy 
connected from the input to the output, even when the 
collision occurs due to any cause at the time of convey- 
ance when it is within the upper iimittorque of the motor, 
it tries to continue the movement, thereby, there is a pos- 
sibility that the conveyed material orthe conveyance ap- 
paratus 60 is damaged, and in the worst case, the per- 
son may be nipped and injured. In contrast to that, in the 
conveyance apparatus of the present invention, be- 
cause the speed reducer having the traction system has 
no gear, when the torque larger than a predetermined 
value, is activated, because the slip phenomenon is 
caused inside the traction drive, the impact due to the 
collision can be absorbed. Further even when the po- 
sition dislocation is caused by the slip, as described 
above, because the encoder is provided on the output 
side, it can also easily return to the original condition 
(return to the original point) . 

[0065] Referring to Fig. 6 to Fig. 8 ; an embodiment of 
the present invention will be detailed below. Fig. 6 is a 
sectional view showing the embodiment of the convey- 
ance apparatus 60 using the traction drive speed reduc- 
er and Fig. 7A is an A-A sectional view of Fig. 6 and 
Fig. 7B is a B-B sectional view of Fig. 6, Fig. 8A is a C-C 
arrowed view of Fig. 6, and Fig. 8B is a D-D sectional 
view of Fig. 6. 

[0066] An arm portion (the first arm 61 A and the sec- 
ond arm 61 B) of the conveyance apparatus 60 is pro- 
vided inside a processing room such as a clean room, 
to process the semiconductor wafer or LCD (liquid crys- 
tal display) glass base, and the inside of the processing 



room is depressuri7ed (so-called vacuum condition), 
and the system is structured in such a manner that a 
drive apparatus to drive these first arm 61 A and the sec- 
ond arm 61 B is provided outside processing room, and 
5 the boundary is a plate-like portion 62a of a head portion 
of the cylindrical hosing 62. The cylindrical housing 62 
is structured by the piate-like portion 62a of the head 
portion and the cylinder portion 62b which is integrally 
attached with the plate-like portion 62a and protruded 
10 to the lower side. 

[0067] The hollow output axis (outer axis) 21 A and the 
solid output axis (inner axis) 21 B which are coaxial with 
each other, are rotatably supported by bearings 23A and 
23B to the cylindrical housing 62. That is, the hollow out- 
's put axis (outer axis) 21 A is rotatably supported by the 
bearing 23A provided inside the cylinder portion 62b, 
and the solid output axis (inner axis) 21 B is rotatably 
supported by the bearing 23B provided inside the hollow 
output axis (outer axis) 21 A. 
20 [0068] First and second axis seals 63, each construct- 
ed by the non-contact type seal such as a magnetic fluid 
seal or contact type seal, are respectively provided in a 
gap between the inside of the hollow output axis (outer 
axis) 21 A above the bearing 23B and the outside of the 
25 solid output axis (inner axis) 21 B, and in a gap between 
an opening portion formed at the center of the plate-like 
portion 62a of the cylindrical housing 62 and the outside 
of the hollow output axis (outer axis) 21 A : and the vac- 
uum of the inside of the processing room is maintained. 
30 [0069] On the hollow output axis (outer axis) 21 A and 
the solid output axis (inner axis) 21 B. the first arm 61 A 
and the second arm 61 Bto respectively handle the sem- 
iconductor wafer or LCD (liquid crystal display) glass 
base, are fixed by bolts 64A and 64B. 
35 [0070] Onto the lower end top portion of the output 
axis (outer axis) 21 A constructed by the hollow cylinder 
axis, a circumscribed axis 20A is fixed by the bolt 65A. 
The circumscribed axis 20A is. as shown in Fig . 7A : disk- 
like, and its central portion is hollow, and the solid output 
to axis (inner axis) 21 B can penetrates through it. With the 
outer peripheral surface of the circumscribed axis 20A, 
in the embodiment, 3 intermediate axes 30A are in 
equally contact. 

[0071] Further the intermediate axes 30A inscribe the 
45 inner surface of the donut-shaped inscribed cylinder 
40A. Herein, the sum of the outer diameter of the cir- 
cumscribed axis 20A and two limes of the outer diame- 
ter of the intermediate axis 30A is made to be not smaller 
than the inner diameter of the inscribed cylinder 40A, 
50 and the interference is set, and by the interference, the 
torque adjustment function is provided onto the traction 
drive speed reducer. In this connection, in the present 
embodiment, a carrier 10 to rotatably support the inter- 
mediate axes 30A is fixed, and to one of the intermediate 
55 axes 30A, a front stage speed reducer for drive 50A of 
the hollow output axis (outer axis) 21 A is connected, and 
further through the front stage speed reducer for drive 
50A ; the motive power from the outer axis drive motor 
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70A is transmitted, thereby, the output from the circum- 
scribed axis 20A can be taken out. In this connection, 
in the intermediate axes, intermediate axes 30A' other 
than one intermediate axis 30A connected to an outer 
axis drive motor 70A are shorter than the intermediate 5 
axis 30A as shown in Fig. 6B. 

[0072] Further onto the lower position of the circum- 
scribed axis 20A below the solid axis output axis (inner 
axis) 21 B : a circumscribed axis attachment mount 66 is 
connected by a sprain 21 Ba, and the circumscribed axis 10 
20B is fixed on the circumscribed axis attachment mount 
66 by a bolt 65B. The circumscribed axis 20B is. as 
shown in Fig. 7B, disk-like and its central portion is hol- 
low, and the lower end portion of the solid output axis 
(inner axis) 21 Bean penetrates through it. In the circum- is 
scribed axis 20B, a bolt through hole 20Ba to pass 
through a bolt 65A to fix the circumscribed axis 20A is 
provided..^ 

[0073] Onto the surround o\ the circumscribed axis 
20B : as shown in Fig. 7B : in this embodiment, 3 inter- 20 
mediate axes 30B equally circumscribe, and the circum- 
scribed axis 20B inscribes a donut-shaped inscribed cyl- 
inder 40B. Herein, the sum of the outer diameter 20B 
and two times of the outer diameter of the intermediate 
axis 30B is made to be larger than the inner diameter of 25 
the inscribed cylinder 40B. and the interference is set, 
and by the interference; the torque adjustment function 
is provided onto the traction drive speed reducer. In this 
connection, in the present embodiment, the carrier 10 
is fixed, and to one of the intermediate axes 30B, a front 30 
stage speed reducer for drive SOB of the solid output 
axis (inner axis) 21 B is connected, and further, through 
this inner axis front stage speed reducer 50B : the motive 
powerfromthe inner axis drive motor 70B is transmitted, 
and thereby, the output can be taken from the circum- 35 
scribed axis 20B. In this connection, in the intermediate 
axes, intermediate axes 30B' other than one intermedi- 
ate axis 30B connected to an outer axis drive motor 70A 
are shorter than the intermediate axis 30B as shown in 
Fig. 6B. 40 
[0074] In this connection, in Fig. 7A and Fig. 7B, nu- 
meral 13 is a column of the carrier to integrally firmly 
connect the upper and lower plates 11 s 12 and 14. In 
Fig. 7B, the lower end portion of the intermediate axis 
30A to drive the hollow cylinder output axis (outer axis) 45 
21 A penetrates in the non-contact condition through a 
gap between the circumscribed axis 20B and the in- 
scribed cylinder 40B. 

[0075] A shoulder portion 21 Aa is formed below the 
axis seal 63 (that is, the outside of the vacuum process- 50 
ing room) and above the bearing 23A on the hollow out- 
put axis (outer axis) 21 A, and onto the shoulder portion 
21 Aa ; a code plate 67A of the donut plate-shaped outer 
axis position detector is fixed by a bolt 68A. Further, on 
the carrier 10 side of the conveyance apparatus 60, a 55 
detector portion 69A of the outer axis position detector 
is provided, and the code of the code plate 67A is de- 
tected and the rotation position of the output axis 21 A is 
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detected. The position detector is a magnetic type. The 
outer axis position detector is arranged between the axis 
seal 63 and the speed reducer. 

[0076] On the one hand, onto the lower end top por- 
tion 21 Bb (that is, the outside of the vacuum processing 
room) of the solid output axis (inner axis) 21 B. a disk- 
like inner axis position detector 67B is fixed by a bolt 
68B : and opposite to the code disk 67B : on the carrier 
10 side of the conveyance apparatus 60. as shown in 
Fig. 6B : a detector portion 69B of the inner axis position 
detector is provided, and the rotation position of the out- 
put axis 21 B is detected. This position detector is the 
magnetic type. The inner axis position detector is posi- 
tioned in the arrangement space of the drive motors 70A 
and 70B which are arranged in parallel. 
[0077] In this embodiment; the outer axis front stage 
speed reducer 50A and the inner axis front stage speed 
reducer SOB are respectively traction type speed reduc- 
ers, and in the speed reducer the outer axis drive motor 
70A and the inner axis drive motor 70B to drive the hol- 
low output axis (outeraxis) 21 A and the solid output axis 
(inner axis) 21 B are respectively connected to respec- 
tive circumscribed axes 51 . On the outer periphery of 
this circumscribed axis 51 . a plurality of intermediate ax- 
es 52 equally circumscribe, and the outside of the inter- 
mediate axes 52 inscribes the inscribed cylinder53. The 
inscribed cylinder 53 of the speed reducer is fixed and 
the output is taken from a carrier 54. These outputs of 
carrier 54 are respectively inputted into the first stage 
intermediate axes 30A and 30B. In this connection, also 
in this speed reducer, the sum of the outer diameter of 
the circumscribed axis 51 and two times of the outer di- 
ameter of the intermediate axis 52 is made to be larger 
than the inner diameter of the inscribed cylinder 53. and 
the interference is set. and by the interference, the 
torque adjustment function is provided. 
[0078] In addition, reference numeral 100 in Fig. 6A 
designates a third axial seal that is constructed similarly 
to the axial seal 63 and that is disposed between the 
outer periphery of the outer axis 21 A and the inner pe- 
riphery of the cylindrical housing 62. Reference numeral 
102 in Figs. 6A and 6B designates a fourth axial seal 
that is constructed similarly to the axial seal 63 and that 
is disposed between the outer periphery of the inner axis 
21 B and the inner periphery of the cylindrical housing 
62. The axial seals 100 and 102 define a chamber in 
which connected portions of the outer and inner axes 
21 A and 21 B to the intermediate axes 30A and 30B and 
the like are accommodated. The axial seal 100 and the 
axial seai 63 disposed between the outer periphery of 
the outer shaft 21 A and the inner periphery of the cylin- 
drical housing 62 define a chamber in which the position 
detector constructed by the detector plate 67A and the 
detector portion 69A are accommodated. The axial seal 
100 isolate thesechamberfrom each other. The position 
detector constructed by the detector plate 67B and the 
detector portion 69B is provided to a portion of the inner 
axis 21 B protruded from the axial seal 1 02 and disposed 
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outside the chamber defined between the axial seals 
100 and 102. 

[0079] In the conveyance apparatus 60 of the present 
embodiment structured as described above, the motive 
power inputted from the outer axis drive motor 70A is 5 
speed-reduced by the front stage speed reducer 50A : 
and its output is inputted into the intermediate axis 30A 
for the outer axis drive of the conveyance apparatus 60. 
Then, this inputted rotation is speed-reduced by the first 
stage traction drive speed reducer and rotates the hoi- 10 
low output axis (outer axis) 21 A, and drives the first arm 
61 A attached onto the hollow output axis (onto outer ax- 
is) 21 A. In the same manner the rotation force of the 
inner axis drive motor 70B is inputted into the inner axis 
front stage speed reducer SOB, and after the predeter- 15 
mined speed reduction is conducted, it is inputted into 
the intermediate axis 30B of the rear stage inner axis 
drive spee.c^educer, and drives the second arm 61 B 
through the solid output axis (inner axis) 21 B. 
[0080] According to the conveyance apparatus of the 20 
present embodiment, the following effects can be at- 
tained. In the present embodiment, two output axes are 
coaxiaily arranged, and the conveyance apparatus is 
compact. Further for the speed reduction mechanism 
of the drive apparatus, because traction system (rolling 25 
transmission) or the friction system (friction transmis- 
sion by the non-metal) which have no gears, is used : 
the conveyed material such as a wafer can be conveyed 
without generating the slip (dislocation), and further, be- 
cause the traction system has no backlash (play) as 30 
seen in the gear mechanism, there is no impact by the 
piay at the start of the drive, and the slip (dislocation) of 
the conveyed material is not caused. Therefore, the 
compactness, very low vibration, and low noise can be 
realized. 35 
[0081] Further, in the traction system, because there 
is no gears in the speed reducer, it is conventionally con- 
sidered that it is inappropriate for the high accurate po- 
sitioning, however, in the above embodiment, by provid- 
ing the encoder (code plates 67A : 67B, and the detector *o 
portions 69A and 69B of the position detector) on the 
output side (that is, the hollow output axis (outer axis) 
21 A and the solid output axis (inner axis) 21 B), the prob- 
lem that it is inappropriate for the high accurate position- 
ing, is solved. 45 
[0082] Further, in the conveyance apparatus in the 
present embodiment, the axis seal 63 constructed by 
the magnetic fluid seal or contact type seal is provided 
in the gap between the inside of the hollow output axis 
(outer axis) 21 A above the bearing 23B and the outside so 
of the solid output axis (inner axis) 21 B, and in the gap 
between the opening formed at the center of the plate- 
like portion 62a of the cylindrical housing 62 and the in- 
side of the hollow output axis (outer axis) 21 A, thereby, 
the vacuum inside the processing room is maintained, 55 
and the conveyance apparatus can be used also in both 
of the vacuum and the air. 

[0083] Further, in the case of the conveyance appa- 



ratus 60 having the speed reducer because it is me- 
chanically connected from the input to the output, at the 
time of the conveyance, even when the collision occurs 
due to any cause, when the torque is within the upper 
limit value, there is a case where it tries to continue the 
movement, and it damages the conveyed material orthe 
conveyance apparatus 60, and in the worst case, there 
is a possibility that the person is nipped and injured. In 
contrast to this, in the conveyance apparatus of the 
present embodiment, because the speed reducer hav- 
ing the traction system has no gear, when the torque 
larger than a predetermined value is activated, because 
the slip phenomenon is generated inside the traction 
drive, the impact due to the collision can be absorbed. 
Further, in the conveyance apparatus of the present em- 
bodiment, by adjusting the interference of the outside 
pressurizing ring (inscribed cylinder), the load torque 
(torque by which the slip is caused) of the traction drive 
can be freely set. Further, even when the position dislo- 
cation occurs by the slip, as described above, because 
the encoder is provided on the output side, it can also 
easily return to the original condition (return to the orig- 
inal point). 

[0084] in this connection, in the present embodiment, 
the apparatus having the front stage speed reducers 
50A and SOB is described, however, the front stage 
speed reducers 50A and SOB may be appropriately ne- 
glected. 

[0085] In the present invention, because the position 
detectors are arranged on the airside ; and further, out- 
side the oil lubricant portion of the speed reducer, the 
two-axis output encoder in the conveyance apparatus 
can be easily arranged at low cost. 
[0086] In the present invention, it is preferable that the 
position detectors of the inner axis and the outer axis 
are magnetic type. The cost of the magnetic type posi- 
tion detector is lower than that of the optical position de- 
tector. 

[0087] Further, the present invention is the convey- 
ance apparatus of the coaxial two-axis arrangement. 
The output axis encoder is, in the case of the magnetic 
type, because there is a possibility that a mis-operation 
is caused due to the friction powders (iron powders) 
generated from the speed reducer it can not be ar- 
ranged in the oil (the same atmosphere as the speed 
reducer) . Thereby, it is necessary that the output axis 
encoder is arranged in the air and oil-less atmosphere. 
However, in the coaxial two axes, the two axes can not 
be arranged in the same position. It is because, although 
it is necessary that the receiving side sensor is fixed on 
the fixed portion, particularly in the inner axis side output 
axis, the outer axis output axis (rotation axis) exists at 
the outside, and further the speed reducer also exists 
there, there is no position to fix it. According to this prob- 
lem, it is necessary that the axis of the inner axis side 
encoder is necessarily extended to the opposite direc- 
tion to the output side, and extended to the fixed posi- 
tion, however, normally, on the reversal side of the out- 
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put side ; there is the speed reducer or motor and when 
it is made to be hollow and penetrated, the structure also 
becomes complicated, thereby, the drive apparatus also 
can not be compact. (The encoder should be arranged 
below the motor.) In contrast to this, as in the present 5 
invention, when the traction drive structure is applied, 
the first stage traction drive and the motor can be ar- 
ranged to be offset, and the first stage traction drive and 
the motor and the inner axis side output encoder can be 
arranged in parallel to each other. Thereby ; the compac- 10 
tification can be obtained. 

[0088] Fig. 9 shows a specified embodiment of yet an- 
other conveyance apparatus, and Fig. 9A is a longitudi- 
nal sectional view, and Fig. 9B is an A-A sectional view 
of Fig. 9A. is 
[0089] In the embodiment shown in above Fig. 6 to 
Fig. 8 : the hollow output axis (outer axis) 21A and the 
solid outpy£#xis (irTner axis) 21 B are coaxial dounle con- 
struction, and these hollow output axis (outer axis) 21 A 
and solid output axis (inner axis) 21 B are fixed on the 20 
circumscribed axes 20A and 20B of the traction dive 
speed reducer, which is the drive apparatus, by bolts 
65A and 65B. 

[0090] In contrast to this, in the embodiment shown in 
Fig. 9 ; although the hollow output axis (outer axis) 21 A 25 
and the solid output axis (inner axis) 21 B are coaxial 
double construction, these hollow output axis (outer ax- 
is) 21 A and solid output axis (inner axis) 21 B and the 
output axis (in the embodiment, the carriers 10A and 
1 0B) of the traction drive speed reducer are connected 30 
by an endless belt, and for both of hollow output axis 
(outer axis) 21 A and solid output axis (inner axis) 21 B, 
the traction drive speed reducer for the dive of the con- 
veyance apparatus 60 and its front stage speed reducer 
can be made the same structure. 35 
[0091] On the lower end portion of the hollow output 
axis (outer axis) 21 A and solid output axis (inner axis) 
21 B, pulleys 90A and 90B for the endless belt are inte- 
grally provided by the bolt fixing, or sprain connection. 
[0092] Two groups of traction drive speed reducers 40 
93A and 93B (hereinafter called the rear stage speed 
reducer) for the drive of the conveyance apparatus 60, 
and its front stage speed reducers 50A and SOB and the 
drive motors 70A and 70B. are prepared for the hollow 
output axis (outer axis) 21 A and solid output axis (inner 45 
axis) 21 B : and in Fig. 9, these are arranged at the left 
and righl portions of the hollow output axis (outer axis) 
21 A and solid output axis (inner axis) 21 B. 
[0093] In this connection, the rear stage speed reduc- 
ers 93A and 93B have the same structure as shown in so 
Fig. 5, and the traction drive speed reducers in which 
the inscribed cylinders 40A and 40B are fixed, and the 
input is inputted from the circumscribed axes 20A and 
20B and the output is taken from the carriers 10A and 
1 0B, are structured, and the rotation of the drive motors 55 
70A and 70B are reduced, and the output axis 21 which 
is integrally attached to the carrier 1 0, is driven. Pulleys 
91 A and 91 B for the endless belt are integrally attached 
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onto the output axes PSA and 95B connected to the car- 
riers 1 0A and 1 0B of each of rear stage speed reducers 
93A and 93B. 

[0094] An endless belt 92B is stretched between the 
pulley 90A for the endless belt formed at the lower end 
portion of the hollow output axis (outer axis) 21 A and a 
pulley 91 B for endless belt formed on the output axis 
95B connected to the carrier 10B ; and an endless belt 
92A is stretched between a pulley 90B for the endless 
belt formed at the lower end portion of the solid output 
axis (inner axis) 21 B and a pulley 92A for the endless 
belt formed on the output axis connected to the carrier 
10A. 

[0095] Further, the front stage speed reducers 50A 
and SOB of the present embodiment have the same 
structure as the above traction drive sped reducer, and 
are the traction drive speed reducers of the type in which 
an inscribed cylinder 53 is fixed, and the rotation of drive 
motors 70A and 70B is inputted from a circumscribed 
axis 51 , and the output is taken from a carrier 54, and 
the carrier 54 supports many intermediate axes 55 
which circumscribe the circumscribed axis 51 , and the 
circumscribed axis 51 is connected to the output axis of 
the drive motors 70A and 70B. 

[0096] The other structures and operations are the 
same as in the embodiment shown in Fig. 5. or rig. 6 to 
Fig. 8, therefore, the explanation will be omitted. 
[0097] In this connection, in Fig. 9, the position detec- 
tor (code plates 67a, 67B and detector portions 69A and 
69B) (in this connection, in Fig. 9 : the detector portion 
69B is not shown) are provided on the hollow output axis 
(outer axis) 21 A and the solid output axis (inner axis) 
21 B, however, in the present embodiment, by applying 
the pressing force onto the belt pulleys 90A, 90B, 91A 
and 91 B, because the backlash among the endless 
belts 92A, 92B ; and belt pulleys 90A, 90B, 91 A and 91 B 
can be removed, the rotation position detector may be 
provided on each of output axes of the traction drive 
speed reducers 93A and 93B. 

[0098] The conveyance apparatus using the traction 
dive speed reducer for the dive apparatus according to 
the present invention is a compact, low vibration, and 
low noise apparatus, and particularly, appropriate as the 
conveyance apparatus to process the semiconductor 
wafer or LCD (liquid crystal display) giass base. 

Claims 

1 . A traction drive speed reducer comprising: 
a circumscribed axis; 

a plurality of intermediate axes contacting an 
outer periphery of the circumscribed axis; 
an inscribed cylinder contacting outer peripher- 
ies of the intermediate axes; 
a stationary carrier rotatably supporting the in- 
termediate axes; and 
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a drive motor connected to at least one of the 
intermediate axes, 

wherein rotation inputted by the drive motor is 
outputted from the circumscribed axis. 

2. The traction drive speed reducer according to claim 
1 . further comprising; 

a hollow, second circumscribed axis arranged 
coaxially with respect to the first circumscribed 
axis; 

a plurality of second intermediate axes contact- 
ing an outer periphery of the second circum- 
scribed axis; 

a second inscribed cylinder contacting outer 
peripheries of the second intermediate axes; 
a se^gond stationary carrier rotatably supporting 
the second intermediate axes: and 
a second drive motor connected to at least one 
of the second intermediate axes, 

wherein rotation inputted by the second drive 
motor is outputted from the second circumscribed 
axis. 

3. A conveyance apparatus comprising: 

the traction drive speed reducer according to 
claim 1 ; 

a drive arm connected to the circumscribed ax- 
is; and 

a conveyance table connected to a distal end 
of the drive arm. 

4. A conveyance apparatus comprising: 

the traction drive speed reducer according to 
claim 2; 

first and second drive arms respectively con- 
nected to the first and second circumscribed 
axes; 

first and second conveyance table respectively 
connected to distal ends of the drive arms. 

5. A conveyance apparatus comprising: 

the traction drive speed reducer according to 
claim 2; 

a cylindrical housing rotatably supporting the 
first and second circumscribed axes : and ac- 
commodating therein at least portions of the 
first and second intermediate axes where they 
contact the first and second circumscribed axes 
and the first and second inscribed cylinders; 
a first seal between the first circumscribed axis 
and the second circumscribed axis; 
a second seal between the second circum- 



scribed axis and the cylindrical housing; 
a third seal between the second circumscribed 
axis and the cylindrical housing at a location dif- 
ferent from the second seal: 

^ a fourth seal between the first circumscribed 

axis and the cylindrical housing; 
a first chamber, defined by the first, third and 
fourth seals within the cylindrical housing, for 
accommodating the at least portions of the first 

10 and second intermediate axes: 

a second chamber defined by the second and 
third seals between the cylindrical housing and 
the second circumscribed axis; 
a first position detector provided to a portion of 

75 the first circumscribed axis protruded from the 

fourth seal., and located outside the first cham- 
ber; and 

a second position detectorprovided to a portion 
of the second circumscribed axis and located 
20 within the second chamber. 

6. A traction drive speed reducer which comprises a 
circumscribed axis : a plurality of intermediate axes 
arranged contacting an outer periphery of the cir- 

25 cumscribed axis, and an inscribed cylinder inscrib- 

ing outer peripheries of the intermediate axes, 
wherein: 

a supporting member for rotatably supporting 

30 the intermediate axes is fixed; 

a drive motor is connected to at least one of the 
plurality of intermediate axes: and 
an output is taken from the circumscribed axis 
having a larger diameter than the outer diame- 

35 ter of the intermediate axis. 

7. A traction drive speed reducer which comprises a 
circumscribed axis, a plurality of intermediate axes 
arranged contacting around an outer periphery of 

40 the circumscribed axis, and an inscribed cylinder in- 
scribing outer peripheries of the intermediate axes, 
wherein: 

two or more circumscribed axes are arranged 

4 5 coaxially; 

the plurality of intermediate axes forms sets 
corresponding to the circumscribed axes so 
that the intermediate axes in each set are ar- 
ranged contacting around an outer periphery of 

50 a corresponding one of the circumscribed axes; 

a supporting member for rotatably supporting 
the intermediate axes is fixed; and 
rotation is inputted into at least one of interme- 
diate axes of each set so that output is taken 

55 from the corresponding circumscribed axis, 

thereby obtaining two or more coaxial outputs. 

8. A conveyance apparatus comprising a drive motor, 
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a drive arm driven by the drive motor and a con- 
veyance table connected to a front end of the drive 
arm, wherein: 

output from the drive motor is transmitted to the 5 
drive arm through a traction drive speed reduc- 
er comprising a circumscribed axis : a plurality 
of intermediate axes arranged around an outer 
periphery of the circumscribed axis ; and an in- 
scribed cylinder inscribing outer peripheries of 10 
the intermediate axes. 

9. The conveyance apparatus according to Claim 8, 
wherein the conveyance apparatus has two coaxi- 
ally arranged output axes, and each of the output 1$ 
axes is connected to a corresponding drive motor 
through the traction drive speed reducer comprising 
circumscribed. axes, a plurality of intermediate axes 
arranged around the outer peripheries of the cir- 
cumscribed axes, and inscribed cylinders inscribing 20 
outer peripheries of the intermediate axes., and two 
coaxial outputs can be taken from the two output 
axes. 



axes and inscribed cylinders, for speed-reduc- 
ing the rotation of the drive motors, is arranged 
on the air side; and 

a position detector for the inner axis penetrates 
through the speed reducer and a position de- 
tector for the outer axis is arranged among the 
axis seals and the speed reducer, and provided 
on the air side. 

14. The 2-axis output encoder according to claim 13 : 
wherein the drive motor for the inner axis and the 
drive motor for the outer axis are paralleliy ar- 
ranged, and the position detector for the inner axis 
exists in an arrangement space of the motors. 



10. The conveyance apparatus according to Claim 8, 25 
wherein a front stage speed reducer is connected 
to a front stage of the traction drive speed reducer, 
and the front stage speed reducer is constructed by 
a traction drive speed reducer comprising a circum- 
scribed axis, a plurality of intermediate axes ar- 30 
ranged contacting around an outer periphery of the 
circumscribed axis, and an inscribed cylinder in- 
scribing outer peripheries of the intermediate axes. 



11. the conveyance apparatus according to claim 8, 35 
wherein a position detector is provided on an output 
side of the traction drive speed reducer. 



12. The conveyance apparatus according to Claim 11 , 

wherein an interference is set by making the sum 40 
of an outer diameter of the circumscribed axis and 
two times of an outer diameter of the intermediate 
axis, to be not smaller than an inner diameter of the 
inscribed cylinder so that torque adjusting function 
is provided by the interference. 45 



13. In a conveyance apparatus for conveying a material 
to be conveyed by independently driven driving mo- 
tors which are connected to respective output axes 
coaxially arranged as an inner axis and a hollow so 
outer axis, a 2-axis output encoder is arranged so 
that: 



axis seals exist between the inner axis and the 
outer axis, and between the outer axis and a 55 
cylindrical housing; 

a traction drive speed reducer, having the driv- 
ing motors, circumscribed axes, intermediate 
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